(C), which produces clear plaques, can also be isolated from these cultures. We have identified four other plaque-type phage mutants. All but one of these newly isolated strains may be classified as turbid (T) or clear (C) and differ from the parental strain by their minor characteristics; i.e., large and bright (br), minute (m), or very minute (vm). One mutant (S) has not as yet been satisfactorily classified. This report deals with both the method used for the isolation of these strains, and with the results of experiments in which bacteria were infected with pairs of these viruses.
Plaque mutants of phages have been described previously (3) (4) (5) and it has been shown (6, 7) that four phages are produced after simultaneous inoculation into a sensitive Escherichia coli culture of large amounts of two mutant phages in high phage-bacterium ratios. These include the two original mutants, the wild type, and a phage exhibiting characteristics of both original types.
This kind of reaction has not been observed with the B. megatherium phages.
In our experiments the only recombinations observed were produced when a C of one minor type was mixed with a T of a second minor type. The new phages found in all cases were a C of the second minor type and a T of the first minor type.
Materials and Methods
The bacterial cultures used in these experiments, 899a (lysogenic) and KM (sensitive), have been adequately reported previously (8, 9) , including methods used in their maintenance, preparation, and enumeration. Phage strains were prepared by multiple single plaque transfers on 5 per cent peptone agar to make certain of purity. Finally, lysates were prepared, filtered through one-half an EK Seitz pad, and stored at 4°C. These filtered lysates are bacteriologically sterile and stable over several months' time, except in one case to be noted below.
The mixed infection experiments were done in the following manner. To 10 cc. of 5 per 581 cent peptone (pH 7.2), containing 5 X 10 a infective units of each of the two phages per cc., is added 5 X 107 sensitive B. megatherium cells per cc. This tube is shaken (200 cycles per minute) in an incubated water bath at 34°C. After 20 minutes, the mixture is chilled and centrifuged sufficiently to pack the bacteria at the bottom of the tube. The supernate is removed and titered for phage while the bacterial sediment is transferred to 10 cc. of 5 per cent peptone in a fresh tube (tube A). An aliquot of tube A is diluted in 5 per cent peptone to a total of lff-* in a 10 cc. volume (tube B). Both tubes are placed in the water bath shaker, and while tube A is followed by colorimetry, the diluted tube (B) is titered for phage at time 0, 60, 120, and 150 to 180 minutes.
mg./mL Asparagine media (9) 
RESULTS
Origin of Strains.--All but one of the strains reported here were isolated in the course of a study of the changes taking place in cultures of B. megatherium (KM) infected with C phage. These cultures had regenerated after lysis and were subcultured (1/10 dilution) to fresh 5 per cent peptone or asparagine medium daily. Usually, by the 3rd day of the experiment, C(m) virus appeared in the culture in high fiter. This has been isolated several times. By the 5th day the entire culture seemed to have stabilized, its growth approximated that of the control, and titers of C and C(m) virus remained fairly constant, around l0 T phage per cc. Attempts were made to isolate lysogenic cells carrying C or C(m) virus with no success, but three strains of lysogenic bacteria were isolated which produced variant viruses (T(m); T(vm); S). On one occasion only, another mutant was observed on a plate containing 200 T plaques in which one plaque was brighter than the others. This was isolated and proved to be a new strain and is designated T(br).
By crossing any mutant T with the original C, the clear analogue of that mutant strain could be found. Both T and C analogues are described herein. The terminology retains the original C and T designations of Gratia for the major characteristics. These are followed by abbreviatlons of descriptive adjectives for the minor characteristics as explained below. (Also see Figs. 1 through 5.) Other Di~erences.--There is a definite difference between the way the C phages and the T phages react in peptone broth cultures. By using 5 X l0 T B. megatherium (KM) cells to start with and three times that many C phage infective units, complete clearing is produced, followed, after 3 to 5 hours, by a regrowth of resistant cells. A high titer of bacteria (5 X 108) and phage (3 X 10 TM) is present after 24 hours. The regrowth of cultures infected with C(m) virus appears at the same time but the growth rate is far slower.
Description and Classification of Plaques
The T group only partially lyses the cells and their regrowth begins almost immediately. After 24 hours the bacterial count is as high as the control (B. megatherium without phage), 10 °, but the phage titerhas fallen from 5-10 X 109, at the time of lysis, to 5 X l0 s phage per cc. T(br) varies slightly in that it causes less lysis and a slower rate of regrowth. However, after several hours, it reaches the same level as the other T viruses. The regrowth in this group seems to be made up of lysogenic cells.
Recombination Experiments.--All possible combinations of pairs of these phage strains have been tested at least twice by the method described, except T(vm) and S. The percentages of the two original phages, the two recombinant types, and the mixed plaques are shown in Table I for the productive combinations. Mixed plaques are recognizable in all cultures containing a C and T virus and may best be described as a C with a T center. They always contain at least one T and one C type virus.
The only pairs which produced recognized new types were those in which a T of one minor type and a C of a different minor type were mixed. Furthermore, in all cases, the recomhinants, when inoculated together, produced the originals. An effort was made to learn whether all the bacteria were infected with both original phages and released both original phage types. After the bacterial suspensions were exposed to the mixture of the two phages, 70 to 80 per cent of the phage activity was removed by centrifuging the bacteria. Since there was originally a 10 to 1 ratio of each phage per bacterial cell, this means that the average cell had received 7 to 9 phage particles of each type. However, the problem was greatly complicated by the fact that the majority of the bacteria were in short chains. A few single-chain burst studies (10) showed that both original and recombinant phages were produced by single chains. The number of experiments necessary to indicate that the single cells produced recombinants was considered too formidable to be undertaken at this time.
The absence of such data severely restricts any great emphasis being placed on the absolute percentages of recombinants shown in Table I .
However, the same percentages were found in experiments in which the bacterial and phage concentrations were varied over a wide range, provided there was at least a threefold majority of virus per bacterium. The observer's ability to make the differential counts has been tested by making known artificial mixtures. Although counts generally were within the usual experimental error, the subjective factor could not be ruled out and therefore, we recorded only plates which were technically excellent and replated many plaques which were doubtful.
Mixed Plaques.--It will be noted that there was a persistence of mixed plaques after lysis. A calculation of the absolute numbers of these forms shows that there was probably an actual increase in their number. However, the percentages involved were so small that the accuracy was not sufficient to prove this definitely. Furthermore, there was such a wide spread in the percentages found in individual experiments, that it is thought that all the mixed plaques have not been recognized in all cases. Mixed plaques were not due to overlapping since artificial mixtures of the four types plated at high plaque density have not produced these forms.
Before lysis, the mixed plaques tended to have a slightly more definite T component in them, while after lysis, the plaques appeared as C's with small, central, turbid zones. Furthermore, the small mixed type did not appear until after lysis, except in the non-productive combination C(m) X T(m). The large mixed plaques contained all four phages in the reaction or a homologous T and C of the larger minor types. The small mixed plaques yielded only T(m) and C(m).
There was a further difference between the mixed plaques before and after lysis. If the specimens were filtered through a half Seitz (E.K.) pad before lysis, no mixed plaques appeared when the filtrate was plated. This presumably indicates that the mixed plaques were being produced by mixedly infected bacteria. However, after lysis was complete, the number of mixed plaques was not influenced by the filtration. This indicates that these plaques were formed by particles which could pass through the filter. After an extensive study of a similar phenomenon in the coil-phage system, Hershey (11) has come to the conclusion that the mixed plaques are formed by single particles of "heterozygous" phage.
DISCUSSION
There is no apparent reaction between two members of the T group, nor two members of the C group. Furthermore, there is no apparent reaction . Persistent failure to demonstrate this type of reaction has led us to very careful search for it without success. One can conclude either that no such combinations are possible with these B. megatherium phages or that they occur in such low percentages as to be very difficult to find. At any rate, they must occur with a frequency well below 0.5 per cent. It may be that T(br) and T(m) could be considered as demonstrating multiple allelism, an example of which has been recently described for the coil-phage system by Hershey and Davidson (12) .
The method by which these strains were isolated bears mentioning since it has been valuable in this work. Apparently it is not possible for the KM strain of B. megatherium to become C lysogenic (in either 5 per cent peptone or in asparagine media) and still produce colonies on 5 per cent peptone agar. On the other hand, lysogenic cells infected with a different strain of phage are not infected by C phage. Therefore, any lysogenic colonies derived from a culture of sensitive megatherium and phage C, must produce a different phage. This has been found to be the case. This is a far more efficient method of isolating new strains than examining hundreds of plaques for single variants.
An analysis of the mixed plaque is not possible with the present limited data.
Hershey and Chase (11) have interpreted a similar phenomenon in the coliphage system as evidence for heterozygosity. A far more thorough study of the B. megatherium system would be necessary before a like conclusion could be drawn, although marked similarities are present. megatherium cultures containing C phage have made possible the isolation of lysogenic bacteria which produce different strains of phage. This is probably due to the failure of C virus to make the lysogenic adjustment while those of its variants which can succeed are selected. Four distinct plaque types have been isolated by this method and some of their reactions in mixedly infected bacteria are described.
It has been shown that it is possible to isolate either C or T analogues of each of the strains, bringing the reported plaque types of B. megatherium phage to eight. No success was obtained in an attempt to isolate a wild type and a phage carrying two mutations when crosses were made of two phages each differing by one mutational step. 
